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The Sole of Speech In the Regulation 
of Behavior^* ^ 

3 

Jean A* Bondal 

About twelve yeara ago* Lurla and collaborators published 
the results of their research In the development of the verbal 
regulation of behavior. The term verbal regulation refers to 
the ability to conform one*8 behavior to a preliminary Instruction 
or plan* According to Lurla, an elementary form of verbally 
regulated behavior Is achieved by about age one year and a half 

the child becomes able to respond to simple orders and soon 
after to lanedlate Inhibits of commands. At this age» however* 
the child is still unable to respond properly to more complicated 
Instruction like "when you see the light, press the rubber bulb" 
which requires that he first refrain from pressing before the 
light appears, then press the bulb wiien the light does appear, 
and lastly stop pressing until the next light appears. 

In handling such situations, the child may take advantage 

of self-vocalizations accompanying perfoxmance of the motor 
task* The verbal accompaniment must re-present in some sense the 
preliminary Instruction* The nature of the relationship between 
such preliminary instruction and vetfoal acconqpanlment changes as 
a function of age (and probably as a function of the motor task 
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although this aspect has not so far been analysed). These age changes 
have constituted the main focus of the Soviet research on this topic. 
For children younger than three years, any combination of motor and 
verbal responses Is difficult and of no regulatory value* With 
children In a second stage, between 3 and A yearu, a clear regulation 
of motor reactions is obtained when a verbal accompaniment, regard- 
less of the meaning of the word employed, corresponds rhythmically 
to the motor task* (if, for example, the child Is required to say "go" 
while pressing the bulb once, or "go, go" while pressing the bulb 
twice). But as soon as the rhythmic correspondence between verbal 
and motor responses is removed, the child is no longer able to perform 
the motor task correctly (1^ for example, he is to say "two" when 
asked tc press the bulb twice for each light). 

For children In a third stage, by 5 years of age, the meaning 
of nhe verbal accompaniment begins to predominate over its rhythmic 
aspect so that if the two aspects, meaningful and rhythmic, come into 
conflict (as in the preceding example) the meaningful aspect pre- 
dominates, mediating correct motor performance. Subseqt^ent develop- 
ment consists of an Increasing Influence of speech in its meaningful 
aspect but no longer in the form of external speech but rather in 
the form of Inner speech, functionally related to the preliminary 
instruction. The functional unity of preliminary instructions 
(which mature subjects can give to themselves) and consequent inner 
speech supply the structure within which conscious and voluntary 
movement henceforth takes place. 
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LurU*s thasis vaa widely «ccepted In the early alxtlea and his 
experlnenta were qulekly integrated into the literature Involving 
the oediational deficiency notion. However, when the first western 
replications occured in the late sixties, they led to rather con- 
tradictory resiilts and concl\isions compeared to those of Luria 
(cf., Uozniak, 1972, for a review). 

A peculiar situation follows from this discrepancy. lAiile it 
is hardly possible to find any text in developmental psychology 
which does not mention Luria *8 thesis and findings, the experimental 
demonstration or at least replication still remains to be done. 

The ground thus seemed prepared for a new and thorough investiga- 
tion of Luria*8 hypothesis. This investigation was the goal of the 
work presented below. 

In a first set of experiments with children from 3 to 7, we tried 
to replicate the experiments of Luria and Tikhomirov as related in 
Luria (1961). Experimental sets XI and III were devised to answer 
some of the questions asked by the first set of experiments. Finally, 
in a fourth set of experiments, some motor tasks were presented to a 
small group of adults and they were asked to report on their possible 
Inner verbalizations during the tasks. In addition, in a final study 
electronyographic measurement of covert lip movements was made during 
the performance of the motor tasks. As the methodology varied from 
one set of experiments to the other, we will present methods, results 
and partial conclusions set by set, before collecting the main data 
in a general conclusion. Finally, the implication of this trend of 
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research for the education of handicapped (specially mentally retarded) 
children will be presented* 

E xperimental Set I (experiments 1 to 5) 

METHOD 

Subjects? Slxty-four children from 3 to 7 years, described as 
developmentally normal, were divided into 8 groups of 8 subjects each, 
with each group containing only children whose ages fell within a 6 
nonth span (e.g., 3-3 1/2, 3 1/2 - A, A - 4 1/2, etc.). 

Apparatus : The subjects sat on a chair and were presented with 
visual stimuli (i.e., colored lights). The interval between lights 
varied randomly between 4 and 6 sec. while stimulus duration varied 
randomly between 1 and 2 sec. The motor response consisted in 
squeezing a rubber bulb. This response was recorded by means of a 
polygraph. Verbal responses were recorded on a tape recorder. 

Experimental model : Each of the first 5 experiments to be 
reported consisted of the following four successive tasks (except 

where otherwise Indicated) : 

Task A: Motor response only (M.R.) 

Task B: Verbal response only (V.R.) 

Task C: M.R. and V.R. 

Task D: Task A repeated 
Approximately 20 stimuli were presented In each of the four tasks. 
While the four tasks were performed in the same experimental session, 
about 10 days separated one experiment from the other for each child. 
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Exparinents; The flrft flvft eatpftriaants are defined by different 
instructional conditions, these are as follows: 

^erliaent 1: Subjects were asked to press the rubber bulb once 
for each stlsaultis. The verbal response (in task B and C) is "press." 
For inforaation we shall give the instructions for each task In this 
experlaent. Task Ar ^tor response (M.R.) only (Instruction: "I 
want you to press the bulb once for each light » but not press when 
the light is not on."). Task B: Verbal response (V.R.) only 
(Instruction: "I want you to say "press" each tlse the light 

is on."). The bulb is removed during the performance of task 

B. If not good enough, the V.R. will be practice. Task C: 

Verbal response and Motor response (Instruction: "This time, I want 

you to do two things. You will say "press" and ac the sane tixse 

press the bulb once for each light." Then the instruction is repeated 

in a reverse order. "Reaeaber I want you to do two things, you 

will press the bulb once and at the saae time say "press" for each 

light."). Task Ox Repetition of Task A. 

Ejcperlnent 2: Siibjects were asked to press the bulb twice for 
each light. The verbal response (in task B and C) is "press, press." 

Ezperlinent 3: Subjects were asked to press the bulb once for 
each red light (positive stlsnilus) and to refrain from pressing for 
each white light (negative stimulus). The different lights were 
presented at random. No tank B was presented in this experiment. 
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Experinent 4: The motor response was identical to that In 
experlaent 2, but the verbal response (in tasks B and C) was different. 
It consisted of the word "two." No task D was performed in this 
experiment • 

Experiment 5: The motor responses were identical to those of 
experiment 3 (one press of the bulb for each positive stimulus » and 
no pressing for each negative stimulus). The verbal response for the 
postive stimulus was also the same ('*press") but the verbal response 
for the negative stimulus was different, consisting of the word 
*W' No task D was performed in this experiment. 

RESW.TS 

Results are expressed in average percentages of errors In motor 
performance by age and task. The statistical significance of the 
observed differences was assessed according to the Wilcoxon Hatched 
Pairs test. Occasionally* where interesting differences were obtained, 
the data are broken down by the type of error committed. 

Experiment 1: (See Table 1 & 2) 

In task C, the significant decrease in errors obtained in chil~ 
dren between 3.6 and A appears to be due mainly to a decrease in extra 
bulb presses, i.e., in perseverative squeezing. Furthermore, these 
perseverative responses reappear in task D when the child ceases to 
accompany his motor response with a vocal response. The effect of V.R. 
on M.R. is, therefore, generally one of facilitation when there is an 
opportunity for facilitation (i.e., between 3 and A, but the single 
press task is already relatively too simple for children older than 
4.6. 
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Table 2 

Average Percentages of Different Types of Errors 
Between Ages 3 and 4.6 Years 



Tasks 
A 



Ages 


3-3.6 


3.6-4 


4-4.6 


Error types 








0 


16 


12 


10 


ER 


22 


20 


12 


0 


14 


10 


10 


E& 


18 


8 


4 


VO 


19 


9 


9 


0 


17 


12 


10 


ER 


23 


22 


4 



Key: 0 ■ onisslon ER - extra bulb press VO ■ omission of V.R. 
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Experiment 2: (Sea Table 3 & 4) 

A facultative effect of V. R. on motor perforaance is generally 
observed. It reaches statistical significance in age groups 3.6-4 
and 4 - 4.6. The errors analysis suggests that this effect is mainly 
achieved through a reduction of extra responses while omissions remain 
unaffected by V. R. A similar effect but less marked is also observed 
in group 4.6 - 5. For group 3 - 3.6, however, the situation is diff- 
erent. From task A to task C, the percentage of omissions decreases 
markedly, but an increase in extra responses suggests that the young 
child is induced by the concommitant verbalization to press the bulb 
more than once and often cannot then atop responding after two 
presses. 

Experiment 3: (See Table 5 & 6) 

The verbal pattern could not regularly be obtained from 5 of the 
8 children in the first age group. Therefore results in task C for 
this group have been omitted in this table. In the older age groups, 
the introduction of the verbal response appears to improve the motor 
performance, but this reaches significance only for the 3.6-4 year 

old group. 

Experiment 4: (See Table 7 & 8) 

Task B was performed with an error average of 25% between 3-3.6 
years, and error averages of 202 or fewer from age 3.6 on. 

It appears that the monosyllabic verbal accompaniment exerts a 
negative influence on the double press task, particularly between 
3 and 5 years. It results in an increase in the percentage of single 
presses of the bulb despite the instruction given to press twice before 
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Table 4 

Average Percentag-as oi Different Types o£ Errors 
Between 3 and 5 Years 



Ages 3-3. 6 3. 6-4 4-4. 6 4. 6-5 
Tasks Error types 



A 


CM 


21 


12 


8 


9 




m 


35 


19 


9 


9 




ER 


17 


38 


32 


20 


C 


OM 


15 


10 


10 


5 




EM 


15 


14 


8 


9 




ER 


28 


8 


10 


11 




vo 


16 


7 


7 


6 


B 




24 


20 


12 


7 




m 


23 


17 


8 


10 




ER 


23 


35 


25 


13 



Key: OM: omission of M.R. (i.e., no press of the bulb). PM: partial 
ominsion of M.R. (i.e., one press of the bulb). ER: extra bulb press. 
VO: conplete oaission of V.R. (in task C only) 
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Table 8 

Average Percentages of Different Types 
of Errors Between 3 and 5 Years 



Tasks 



Ages 
Error types 

m 



(M 
FM 
BR 
VO 



3-3.6 

17 
30 
18 
U 
40 
15 
15 



3.6-A 
9 

21 
31 

8 
38 
19 

8 



4-4.6 

7 
10 
24 

7 
15 
22 

5 



4.6-5 

8 
9 

13 

7 
15 
12 

2 



Key* See experinent 2 
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each light. This Is an effect of the lapulslve aspect of the verbal 
accoB^attlnent. This effect appears well marked between 3 and 4 years. 
Experiment 5: 

The performance for positive stimuli was not very different from 
that of experiment 1 and we shall report only the results for negative 
stimuli. (See Table 9) 

As In experiment 3, the verbal pattern cannot be obtained regu- 
larly fr<»i the majority of children between 3 and 3.6. In the older 
groups the verbal response appears to Improve motor performance for 
negative stimuli (I.e., decreasing incorrect squeezes), although not 
significantly. This result between 3.6 and 4.6 contradicts the find- 
ings of Tlkhomirov in a similar experiment where the children were 
required to verbalize the Russian equivalent of "I don*t press" before 
the negative stimulus (and "press" before the positive stimulus). 
Tikhomlrw observed from 3 to 4 years, and in silent condition, an 
average of 42 percent of bulb presses before the negative stimulus 
versus 72 percent with the verbal accompaniment. These results were 
used by Luria to hypothesize that up to 4 or 4.6 a verbal accompaniment 
cannot help inhibiting a motor response. Using a different V. R. 
("no") here, we do not reproduce the Tlkhomirov effect. Perhaps a 
V.R. like "no" functions as a self -inhibitor earlier in the life of 
the child than the more syntactically coo^llcated "I don't press." 
However, when comparing task C in experiments 3 and 5 (particularly 
between 3.6 and 5 years) one observes a slight superiority of task C, 
experiment 3, i.e., when no V. R. is produced while M. R. has to be 
inhibited. This difference, although not significant, is in accordance 

ERIC 19 
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with the conclusion drawn by Luria from Tlkhomlrov^s experiment. 

Conclusions From Eacperlaental Set I 

1. For children between 3 to 3.6 years o£ age, the simple V.R. 
was available In about 75Z of the trials In experiments 1, 2, 4 and 
not available in the majority of cases in experiments 3 and 5 where 
a discriminate verbal response was called for. The percentage of 
omissions of verbal responses In task C In experiments 1, 2, 4 also 
suggests a certain rivalry between V.R. and M.R. at this st93:e, 
heading to the regular suppression of some V.R.s, some M.R.s, or 
both. The presence of a V.R. leads to a slight Improvement of motor 
performance In experiments 1 and 2. However, It Is Important to 
ask why the V.R.s do not lead here to a stronger laq>rovement of the 
M.R.s? At least two alternative explanations can be considered: 
(l)the young child may be limited In his motor abilities (I.e., not 
be able to perform In a better way on the motor task whether the 
experimental condition be silent or with verbal accompaniment, 
sliq;>ly because the developmental level of his motor neurodynamics 
does not allow him to do very much better) ; or (2) his own verbaliza- 
tions may still be deficient In regulating his ongoing motor behavior. 
Experimental Set II using a nonverbal feedback device in the same 
motor tasks should allow us to clarify the alternative. 

2. For children between 3.6 and 5 years of age, the char- 
acteristic findings reported by Luria, except In experiment 5 with 
the V. R. "no," have generally been replicated. An Interpretation 
of this sole difference from the Luria - Tlkhomlrov findings has 
been proposed. 
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3. For children older than 5 years » the proposed motor tasks 
Included In experiments 1-5 appear to be generally too simple. In 
particular, the motor tasks In experiments 3 and 5 did not supply 
the expected basis on which to test the transfer of the regulatory 
power of speech from a rhythmic to a meaningful aspect. In order 
to test this transfer hypothesis, more complicated motor tasks, 
presenting a challenge to children between 5 and 8 years of age, 
were devised. Results from these tasks will be reported shortly 
In discussing the third set of experiments (experiments 9 to 13). 

Experimental Set II (experiments 6 to 8) 

METHOD 

Subjects ; The same 24 children from 3 to 4.6 who participated 
In experimental Set I took part In this second set of experiments. 

Apparatus; The same as In experimental Set I, except that a 
reinforcement-distribution device (BDD) was added. The RDD con- 
sisted of a mechanical dog sitting on the top of the light box. 
When manually activated by the experimenter the dog started barking 
and shaking Its head for about one and a half seconds. 

Experimental model : About 20 stimuli were presented In each 
of tasks A, B and C. 

Task A: Silent performance of the motor task. The ROD Is 

not employed and Is not visible to the child. 
Task B: Silent performance of the motor task, but the RDD 
Is now employed and every correct response Is 
reinforced. 

Task C: Silent performance as In task A, but the RDD, although 
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visible, no longer functions (the child is told 
that he should be able to do the task by himself) . 

Experiments : Experiments 6, 7 and 8 are defined by different 
instructional conditions. These are as follows: 

Experiment 6: Subjects were asked to press the bulb once for 
each light. The motor response is thus similar to that in experiment 1. 

Experiment 7: Subjects vere asked to press the bulb twice 
for each light. The motor response was thus similar to that in expet'- 
laents 2 and 4. 

Experiment 8: Subjects were asked to press the bulb once 
for each positive stimulus and to refrain from pressing for each 
negative stimulus. The motor response was thus similar to that 
in experiments 3 and 5. 

No verbal response was elicited in any of these experliaents. 
The respective effects of the verbal accompaniment and the non- 
verbal feedback (ROD) on motor performsnce were evaluated by com- 
paring tasks C and B respectively in experiments 1 and 6» 2 and 7, 
and 3 and 8. 

RESULTS 

Experiment 6: (See Table 10) 

From 3 to 3.6 the nonverbal control of M.R. proves to be 
more powerful than the verbal control of M.R. (compare task B In 
tMs experiment with task C in experiment 1). This effect can noc 
be attributed to the simple repetition of the motor performance, 
nor to the training which occurred from the time of experiment 1, 
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Table 10 

Average Percentages of Total Error 
By Age and By Task 

Ages 3-3.6 3.6-A 4-4.6 



Tasks 








A 


31 


11 


5 


B 


12 


8 


6 


C 


28 


10 


6 




38 


32 


22 

* 


.01 < P <. .05 


A-B 


A-Aj^ 





MB. A^ lists the results from task C of experlaent 1 for purposes 
of coBparlson. Again no statistical coaparison between A^ and B 
and C has been nade. 
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as is indicated by a coaparison of performance In A to A^. After 
3.6 years, however, a strong decrease In motor errors has occurred 
between task A in experiment 1, and task A in this experiment, while 
differences between the silent condition and nonverbal feedback 
condition are small or nonexistent. 

Experiment 7: (See Table 11 & 12) 

Three points are of importance here: 

1. For the group of children between 3 and 3.6, the non verbal 
control leads to a clear and significant increase in correct motor 
performance. Such an improvement was not attainable, in experiment 

4, ulth a verbal accompaniment. 

2. For children between 3.6 and 4.6, the nonverbal control 
of M.R. leads also to a significant improvement of motor pai formance; 
but, in experiment 2, the same type of improvement was already 
possible through verbal accompaniment. Children of this age, then, 
seem to be able to take advantage of either a verbal or a nonverbal 
means of control of their motor performance. 

3. For children from 3 to 3.6, the analysis of errors indi- 
cates that in comparison to older children, errors of partial 
omission (FM) are most frequent (the same result was obtained in 
experiment 2). Furthermore, the introduction of nonverbal feedback 
leads to a diminution of partial omissions, but perseverations (ER) 
remain at the same level. After 3.6, on the other hand, it is per- 
severative responses which decrease more as a function of the intro- 
duction of nonverbal feedback. It thus seems that progress towards 
a correct double press response passes from a first period (3 - 3.6) 
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Table 11 

Average Percentage of Total Errors 
Ages 3-3.6 3,6-A 4-4.6 



Tasks 



A 


60 


52 


32 


B 


31 


25 


12 


C 


50 


36 


20 


A. 


65 


61 


41 



.01 < V < .05 A-B A-B A-B 

N.B. A^ lists the results from task A in eacperiaient 4. Again,no 
statistical comparison has been made between A. and B and C. 
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Table 12 

Average Percentage of Different Types of Errors 







Ages 


3-3.6 


3.6-4 


4-4.6 


Tasks 


Error types 










A 


QM 




12 


8 


8 




PM 




27 


18 


8 




ER 




21 


26 


16 


B 


QM 




5 


5 


4 




FM 




6 


6 


3 




ER 




20 


14 


5 


C 


QM 




12 


6 


5 




PM 




14 


10 


7 




ER 




24 


20 


8 



Key: See experlioent 2 
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in which the child simplif iea the response by giving only a single 
squeeze to a period of perseverative responses (3.6 ~ 4.6) » and then 
finally to a period of correct responses. 
Experiment 8: 

Results for positive stimuli are not very different from those 
in experiment 6. Therefore, we shall only report results for the 
negative stimulus. (See Table 13) 

Between 3 and 3.6 years, the verbal pattern was not correctly 
obtained for most children, as in experiment 3. The nonverbal pattern 
proves to be efficient here and leads to a significant Improvement 
of motor performance before negative (and positive) stimuli. After 
3*6 years of age the levels of performance reached within the non~ 
verbal feedback condition or within the verbal accompaniment condi- 
tion (experiment 3) are close together. 

Conclusions From Experimental Set TI 
It seems clear that once provided with an external and non- 
verbal means of control, our subjects between 3 and 3.6 years are 
reasonably able to Improve the level of their motor performance. 
The results from experimental set I must indeed be interpreted in 
terms of an insufficient capability of those children to take advan- 
tage of self -verbalization in the kind of motor tasks which were 
presented. After 3.6 years, children seemed capable of taking 
advantage of either a verbal or a nonverbal means of controlling 
their motor performance. 
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Table 13 

Average Percentage of Errors Before 
Negative Stlmxall 



Ages 


3-3.6 


3.6-4 


4-4.6 


Taslui 








A 


44 


32 


20 


B 


20 


9 


5 


C 


30 


18 


10 


.01 < P <. .05 


A-B 


A-B 
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Experimental Set III (experiments 9 to 13) 

METHOD 

Sub.lects t A8 children from 5 to 8 years were divided Into 8 
groups of 8 subjects, wli.h each group containing only children whose 
ages fell within a 6 month span (e.g., 5-5 1/2, 5 1/2-6, 6-6 1/2, 
etc.). Most of the children between 5 and 7 years old had participated 
in experimental set I before. 

Apparatus ; The same as in experimental set I. 

Experimental model t As in experimental set I with two excep- 
tions: 1) there were sometimes additional tasks (E, F, G...) the 
content of which is defined separately in the different experiments; 
and 2) more stimuli (between 30 and AO) were employed in each task. 

RESULTS 

Experiment 9: 

The experiment consisted of the following tasks: 
Task A: Subjects were asked to make a (relatively) long press of 
the bulb for the long light (1 sec. of duration) and a (relatively) 
short press for the short light (flash). The two stimuli occurred 
in a random order. The interval between lights varied randomly 
between 1 and 8 seconds. 

Task B: Subjects were asked to say "long" for the long light and 
"short" for the short one. 

Task C: Subjects were asked to give the appropriate verbal and 
motor responses for each light. 
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Task D: The same as Task A. (See Table 14 & 15) 

In this experiment, the V.R. which accompanied the M.R. In task 
C could only regulate the M.R. by means of Its meaningful aspect. 
Before 6 years, the stimulus discrimination according to the pro> 
posed durations is difficult or impossible for most children. 
Therefore we have not Included these results In the tables. However, 
as is obvious fxom the table, the V.R. does not lead to any change 
in average correct percentages of M.R. Rather, motor performance 
seems to improve slowly from task A to task D presumably as a con- 
sequence of the repetition of the raftk. From an analysis of errors 
it appears that the great majority of errors are errors in duration 
of the press (omissions and extra responses are relatively rare). 
Also, the percentages of omissions of V.R. in task C was under 10%. 

Experiment 10: 

The experiment consisted of the following tasks: 
Task A: Subjects were asked to press the bulb once for each long 
light (1 sec. of duration) and to press twice for each short light 
(flash). As a rule, when there were two different stimuli they 
occurred in a random order. The interval between lights varied 
randomly between 1 and A seconds* 

Task B: Subjects were asked to say "one" for the long light 
and "two" for the short one. 

Task C: Subjects were asked to give the appropriate verbal and 
motor responses for each light. 
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Tabic 14 

Average Percentage of Errors Before 
the Short Stimulus 





Ages 


6-6.6 


6.6-7 


7-7.6 


7.6-8 


Tasks 












A 




21 


22 


18 


21 


C 




20 


24 


17 


17 


D 




23 


31 


24 


19 



.01 < P 1 .05 

N.B. Task B was performed with averages of 10% or fewer of 
errors from age 5.6 on. 
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Table 15 

Average Percentage of Errors Before 
the Long Stimulus 





Ages 


6-6.6 


6.6-7 


7-7.6 


7. 6-8 


Tasks 












A 




80 


61 


41 


42 


C 




77 


52 


40 


36 


D 




69 


54 


38 


29 



•01 < P < ,05 

N.B* Task B was performed with averages of 10% or fewer of 
errors from age 5, 6 on. 
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Task D: The sane as Task A. 

Task £: Subjects were asked to say "yes" for each light. 

Task F: Subjects were asked to press the bulb once for the long 
light and to press twice for the short one, but to say "yes" for 
each light. (See Table 16 & 17) 

For reasons previously Indicated, this experiment was not 
performed with children younger than 6 years of age. Between 6 and 
7, the experiment demonstrated the facilltatlve effect of V.R. "yes" 
before the long stimulus. Between 7 and 8, a similar effect was 
obtained with V.R. "one" before the same stimulus. These two effects 
are to be attributed to the Impulsive aspect of the verbal accompani- 
ment. A statistically significant but Isolated effect of V.R. "two" 
(I.e., an effect of the meaning of V.R.) Is demonstrated between 
7 and 8 before the short stimulus. But In this case we cannot 
exclude the alternative explanation that the effect Is a function 
of the repetition of the tasks, since the level of performance reached 
In task C was maintained In Task D. The analysis of errors Indicated 
that the most common error pattern was an inv<drslon of the required 
M.R., i.e., the production of a simple press before the short stimu- 
lus and the production of a double press before the long stimulus. 
In any respect, the introduction of the verbal accompaniment in task 
C seems not to lead to a marked breakdown In this error pattern. 

Experiment 11: 

The experiment consisted of the following tasks: 
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Table 16 

Average Percentage of Errors Before 
the Short Stimulus 





Ages 


6-6.6 


6.6-7 


7-7.6 


7.6-8 


Taaks 












A 




55 


52 


35 


39 


C 




54 


53 


30 


18 


D 




44 


38 


26 


19 


F 




66 


45 


36 


30 


.01 < P < 


.05 








A-C 



A-D 



N.B. Tasks B and E were performed with 25% or fewer of errors 
after age 6 on. 
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Table 17 

Average Percentage of Errors Before 
the Long Stimulus 





Ages 


6-6.6 


6. 6-7 


7-7.6 


7. 6-8 


Tasks 












A 




38 


32 


42 


32 


C 




30 ' 


35 


13 


12 






42 


31 


27 


13 


F 




17 


17 


16 


15 


.01 < 


P < .05 


A-F 




A-D 


A-C 






D-F 




A-F 





P < .01 A-C 



N.B. Tasks B and E were performed with 25% or fewer of errors 
after age 6 on. 
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Task A: Subjects were asked to nake a strong press of the bulb 
for the red light and a light press of the bulb for the white light. 
The Interval between stimuli varied between 1 and 8 seconds. 

Task B: Subjects were asked to say "strong" for the red light 
and "light** for the white one. Both verbal responses were to be 
pronounced In a natural way (I.e., without accent of intensity on 
**strong**). 

Task C: Subjects were asked to make the appropriate verbal and 
motor responses for each light. 

Task D: The same as Task A. 

Task E: Subjects were asked to say "strong** (with accent of Inten- 
sity) for the red light and **light*' (In a soft voice) for the white 
light. 

Task F: Subjects were asked to say **8trong** (with accent of Intensity) 
and to make a strong press of the bulb for the red light and to say 
'*llght** (In a soft voice) and to make a light press of the bulb for 
the white light. (See Table 18 & 19) 

(N.B. As a rule in every task where verbal responses and motor 
responses are to be combined, the instruction is repeated a second 
time in a reverse order as to the requirement of verbal and motor 
responses ,) 

A differentiation in magnitude of motor response is difficult 
to achieve for children younger than 7 years. Several stages can 
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Table 18 

Average Percentage of Errors Before 
the Red Stimulus 



Ages 


5.6-6 


6-6.6 


6.6-7 


7-7.6 


7. 6-8 


Tasks 












A 


75 


58 


54 


14 


20 


C 


81 


54 


44 


18 


25 


D 


80 


48 


47 


28 


13 


F 


60 


23 


22 


14 


19 



.01 < P ^ .05 - A-F A-F 

C-F C-F 
D-F D-F 



N.B. Tasks B and E were performed vlth averages of 10% o*f errors 
or fewer from age 5 on. 
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Table 19 

Average Percentage of Errors Before 
the Iftilte Stimulus 



Ages 


5.6-6 


6-6.6 


6.6-7 


7-7.6 


7.6-8 


Tasks 












A 


53 


40 


57 


12 


19 


C 


48 


4A 


45 


18 


18 


D 


52 


47 


41 


20 


24 


F 


31 


22 


15 


10 


11 


.01 < P < .05 


A-F 
D-F 




C-F 
D-F 







P < .01 A-if 



K.B. Tasks B and E were performed with averages of 10% of errors 
or fever from age 5 on. 



39 



be observed in the progressive mastery of the required motor differ- 
entiation. First » a complete nondifferentiation is characteristic 
of most children between 5 and 5.6. At this stage, the motor responses 
have approximately the sane magnitude regardless of which stimulus 
is presented. At an intermediate stage characteristic of children 
from 5.6 to 7 there is a period of unsteady differentiation. The 
differentiation remains good provided that a large difference in mag- 
nitude is maintained before strong and light presses. This differen- 
tiation, however, is rather costly in terns of the energy necessary 
to sustain it: this makes it difficult to maintain over a long period 
of time and therefore is unsteady. Finally at about 7 - 7.6, the 
differentiation begins to stabilize. Strong and light presses become 
close together in magnitude, hinting of more flexible and adapted 
motor neurodynamics. What about the Introduction of verbal responses 
into the motor task in this experiment? As can be seen from the 
tables above, the addition of a meaningful verbal response in task 
C does not lead to a marked improvement in motor performance. On the 
other hand, as soon as the verbal accompaniment (in task F) corres- 
ponds rhythmically to the motor responses, a marked and often signifi- 
cant improvement in motor performance is obtained wherever it can be 
obtained, i.e., between 5.6 and 7 years. Lastly, it does not seem 
that the mere repetition of the motor task is in Itself a sufficient 
explanation for the marked effect demonstrated. 

Experiment 12: 

The experiment consisted of the following tasks: 
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Task A: Subjects were asked to press the bulb three tines for the 
single light (i.e* ) flashing once) and to refrain from pressing for 
the double light (i.e., flashing twice). The interval between 
stimuli varied randomly between 1 and 8 seconds. . 

Task B: Subjects were asked to say "one, tvo, three'* for the single 
light and not to say anything for the double light. 

Task C: Subjects were asked to make the appropriate verbal and 
motor responses for each stimulus. 

Task D: The same as Task A. 

Task £: Subjects were asked to say "three" for the single light 
and to say "no" for the double one. 

Task F: Subjects were asked to say "three" and to press the bulb 
three times for the single light and to say "no" and refrain from 
pressing for tae double light. 

Task G: Subjects were asked to say "three times" for the single 
light and "no" for the double one. 

Task H: Subjects were asked to say "three times" and to press the 
bulb three times for the single light and to say "no" and refrain 
from pressing for the double light. 

Task I: Subjects were asked to say "yes, yes" for each light. 



Task Js Subjects vei^e asked to press three times for the single 
light and to refrain frraKjnresslng for the double one, but to say 
"yes, yes'* for each light. (^^^ Table 20 & 21) 



Four points are of some Importance here: 

1. For most children, the capability of completely inhibiting 
motor response when presented with a negative stimulus (double stim.) 
Is well established by age 5 years. Thus, from 5.6 years the In- 
hlbltlou of motor response can successfully resist both a verbal 

and positive Incltatlon (Task J). 

2. The verbal accoiapanlment which corresponds rhythmically to 
the motor response (Task C) leads to a marked and often significant 
improvement In the motor performance to the single stimulus. In 
order to maximize the effect of such a V.R. it is necessary that 
each element of the V.R. be correctly matched with the M.R. This 
usually took one of three forms; 1) one tjwo three 

press press press 

or 2)i one \ two i three 

press press press or 3) one f two j three 

1 I 
press press p 

however, as a rule this type of verbal motor correspondance was not 
achieved by the youngest children. This might help to account for 
the fact that the decrease in errors between tasks A and C was not 
nearly as marked for children between 5 and 5.6 as for older children. 
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Table 20 



Average Percentage of Errors Before 
the Double Stimulus 



Ages J' 


O. 0 




6-6^6 


6. 6-7 


7-7. b 


7 608 


Tasks 














A 


5 


12 


12 


6 


7 


4 


C 


7 


3 


4 


6 


12 


2 


D 


10 


4 


4 


7 


8 


5 


F 


8 


10 


6 


4 


5 


8 


H 


13 


5 


10 


1 


1 


1 


J 


28 


8 


5 


8 


4 


2 


.01 < P <. .05 
N.B. Tasks B, 


E, 6 and 


I were 


performed with averages of 10% of 


errors 



from age 5 on. 



43 



Table 21 



Average Percentage of Errors Before 
the Single Stimulus 
5-5.6 5.6-6 6-6.6 6.6-7 7-7.6 7.6-8 



Tasks 














A 


54 


57 


32 


25 


32 


17 


C 


40 


23 


11 


6 


12 


17 


D 


50 


43 


34 


12 


20 


18 


F 


62 


58 


36 


32 


42 


25 


H 


67 


53 


35 


35 


33 


24 


J 


64 


60 


41 


43 


43 


30 


.01 < P .05 


C-H 


A-C 


A-C 


C-F 


A-C 






C-J 


A-F 


C-D 


C-H 


C-F 








C-H 


C-F 


C-J 


C-J 








C-J 


C-J 


D-J 


D-J 





N.B. Tasks B, E, G and I were performed with averages of 10% or 
fewer of errors from age 5 on. 
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In facty for these youngest children, the V#R« correctly expressed 
was often accompanied by 2, 4 or even 5 presses of the bulb. 

3. Verbal accompanliBents which correspond sexnantlcally 

but not liq)ulslvely to the motor task (as In tasks F and H) not only 
did not Improve motor performance at any age, but often led Instead 
to an Increase In percentage of errors. It Is Interesting to note, 
however, that In task F, the most frequent errors occurring to the 
single stimulus were not single but double pressures of the bulb* 
This Indicates that the monosyllabic V.R. "three" did not function 
In a strictly rythmic manner (this would have led to a majority of 
errors Involving a double press of the bulb); but rather that it 
was Incapable of facilitating a triple press of the bulb. (The 
results here are therefore different from those observed In ex- 
periment 4, task C with the V.R. "two" employed with children 
from 3 to 5 years of age.) 

4. T^k J (before the single light) demonstrated that the 
verbal accompaniment 'V^s> yes" leads approximately to the same 
effects on M.R. as the V.R. "three^' and "three times." 

Experiment 13: 

Subjects wer'^ asked to press the bulb once every three pre-* 
sentatlons of a light of the same color. Stimulus duration was 
1 second, stimulus Interval 1.5 seconds. Between 10 and 15 triplets 
(groups of three stimuli) were presented In each task. Tasks were 
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as follows: 
Task A: H.R. 

Task B: First light V.R. •'no" 

Second light V.R. »'no" 

Third light V.R. "yes** 
Task C: M.R. + V.R. 
Task 'D: Task A repeated 
Task E: V.R. **yes** for every light 
Task F: M.R. + V.R. (as in Task E) (See Table 22) 

It seems reasonable to suppose that a correct performance of 
the motor task required here demands some kind of a^tal *'counting** 
of the stimuli. The verbal accompaniment required of subjects in 
task F may disrupt this **counting** and lead to a consequent decrease 
in correct motor responses. One might also ex]>ect that the V.R. 
required in task C might even facilitate mental counting and this 
would then Improve the motoi: performance. However, such an effect 
was not obtained. On the contrary, the V.R. in task C led to a 
slight increase in average percent of errors. 

Conclusions From Experimental Set HI 

1. It would appear that the introduction of a verbal accompani- 
ment t^ich corresponds to the motor response only in terms of meaning 
and not in terms of rhythm fails, at least in the condition of these 
experiments, to regulate the motor performance. 
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Table 22 
Average Percencage of Errors 



Ages 


5-5.6 


5.6-6 


6-6.6 


6. 6-7 


7-7.6 


7.6-8 


Tasks 














A 


44 


38 


17 


12 


12 


8 


C 


53 


39 


21 


10 


11 


9 


D 


45 


34 


12 


8 


16 


13 


F 


58 


54 


30 


21 


10 


18 


.01 < P .05 


A-F 


D-F 











N.B. 1) Performance was measured for "triplets" of stimuli. A correct 
response Implies that M.R. was inhibited twice and then produced at the 
appearance of the third of a "triplet" of stimuli. 

2) The verbal stereotype in tasks B and E was correctly obtained 
from all children, from age 5 on. 
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2. On the other hand, the regulative value of the impulsive 
or rhythmic aspect of a verbal accompaniment has once again been 
demonstrated. 

3. It remains to discuss a variable about which we have not said 
anything so far. What might have been the role of inner verbalization 
on the performance of at least some of the children in these tasks? 

Of our 48 subjects, 31 (65Z) manifested external signs (e.g., lip 
movements) corresponding to possible inner verbalizations at least 
once during the tasks. Such manifestations were observed in children 
as young as 5 years. In most cases, they did not occur earlier In 
the procedure than task D. This suggests that they may have been 
induced by the external verbalizations in task C. Also, in most cases 
the content of these verbalizations, as far as we could tell, seemed 
to correspond to rhythmically rather than semantically appropriate 
verbal accompaniment of motor performance. This fact, then, indirectly 
supports point one above. Also, it is certainly possible that these 
inner verbalizations may have played a role in the lack of change in 
performance often observed between task C and D. 

4. The failure to demonstrate a semantic regulatory effect for 
verbal accompaniment led us to ask ourselves whether this kind of 
effect may be found to exist at all under the experimental ccndltlons 
which we have (and before us Luria and others) have been employing. 
This in turn led us, as reported in the next experimental set, 

to ask a group of adults to perform some similar but more complex 
motor tasks. 
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Experimental Set IV (experiments 14 to 15) 

Adults vere asked to perform silently three motor tasks ac the 
end of which they were Invited to verbally relate the content of 
their possible 'Wntal accompaniment" during the performance. In 
a second experiment (15) another group of adults was proposed the 
same motor tasks while the modifications appearing in their labial 
electroactivity were recorded. The modifications are susceptible 
to adequately reflecting the inner verbal phenomena (Sokolov, 1972). 
Experiment 15 served as an objective control for the introspective 
reports collected in experiment 14. Different subjects were used 
in the two experiments in order to avoid the problem that, previously 
sensitized to their own inner dynamics during motor tasks, the 
subjects would have payed too much attention to their inner verbal 
phenomena in experlaant 15. 

Experiment 14: 
METHOD 

Subjects : Eight male and female adults between 24 and 35 years, 
all teachers. 

Apparatus : The same as in the previous experiments. 

Experimental model : Three tasks were presented success ivtly 
and in the same order to each subject. All tasks were perfonikul 
silently; between 30 and 40 stimuli were presented per task. 

Task I: Subjects were asked to make one long press of the 
bulb followed imnedlately by a short press (i.e., long-short or 
L-S) for the short light (1/10 sec. of duration): and to make a 
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short press followed iiBEBedlately by a long one for the long light 
(1 sec. of duration). The interval betveen the lights varied 
randomly between 1 and 6 seconds. 

Task II: Subjects were asked to press the bulb three times 
for the white light and to press four times for the red light. 
The interval between lights varied randomly between 1 and 6 seconds. 

Task III: Subjects were asked to make a light press of the 
bulb for the white light but to make a strong press for the red 
light. The interval between lights varied randomly between 1 and 
4 seconds. 

After completion of each task, subjects were asked: 'Do you 
accompany yourself mentally during the performance of the motor 
task? If yes» how? Describe." 

RESULTS 

The information collected from interviewing the subjects seemed 
to point to an Important participation of inner speech in motor 
performance. Table 23 summarizes these data as well as the individual 
percentage of errors made in the various tasks. (See Table 23) 

The probability of covert verbalization appears to increase with 
the dif f icuJ ty of the task, since task III which was described by all 
subjects as the easiest task, apparently elicited verbalization in 
the fewest subjects. Subjects who reported visual mental accompani- 
ment (subject 1, task I and III; subject 8, task I), reported Images 
which consisted in analogical representations of the task to be performed 
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(e.g., a code — or — in task I or a large or a small pyraiaid 
in task III). Verbal acconpanlnents were reported to be of two types. 
Either they corresponded in meaning to the motor response ("long 
short" for a long press followed by a short one, "short long" for 
the reverse), or they corresponded rhythmically to the motor task 
("one, two, three" for a triple press; "one, two, three, four" for 
a quadruple press). The former covert verbalization type was 
found exclusively in tasks I and II, while the latter dominated in 
task II, as if a meaningful but nonrhythmic verbal accompaniment 
was unable to supply a sufficient support in this task requiring a 
number of successive bulb presses. Table 23 also indicates the 
average percentage of errors in each task. These data support the 
classification of the tasks according to their relative difficulty, 
but do not (nor is it the case for the individual percentage of 
errors) bear any systematic relationship between the presence or 
absence of verbal or visual accompaniment and the quality of the motor 
performance. This leaves open the important Issue as to whether 
internal verbal accompaniment is a mere auto-description by the 
subject of his ongoing nonverbal behavior or whether inner 
accompaniment facilitates accomplishment of the task. 

Experiment 15: 

(electromyographic exploration of inner verbal accompaniment 
during performance of the motor tasks) 
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METHOD 

Subjects : Twenty siibjects between 10 and 37 years of age 
(15 adults and 5 children between 10 and 13 years). 

Apparatus ; The subject held the bulb in his hand. TWo super- 
ficial electrodes were fixed to the lip (orblcularies oris Tousde), 
and two were fixed to the fore arm (epltrochleen muscles). The 
electrical activity of these muscles was measured by means of an 
electromyograph madelec Ms 6, and changes in muscle activity were 
polygraphically recorded (mingograph) at the same time as the 
stimuli and the manual presses of the response bulb. 

Experimental model; The tasks were those of experiment lA, 
performed silently. After each task, subjects were again inter- 
viewed about any latent verbalization during performance. 

RESULTS 

Table 2A simmarises the essential quantitative data. (See 
Table 24) 

The first row presents the numbers of subjects who did not 
report any inner verbalizations, and for whom no noticeable 
modifications of the E.M.6. baseline were observed. The second 
row contains the numbers of subjects who reported a visual 
accompaniment. The third row presents the numbers of subjects 
who reported verbal accompaniments during the motor tasks but for 
whom no noticeable E.H.G. response was obtained; and row four 
contains the nuaibers of subjects who reported an inner verbal 
accompaniment and for whose modifications of the E.M.G. from 



51 



Table 24 

Correspondences Between Latent Verbalization 
Reported By the Subjects and Electromyographic 
Response From the Orbicularis Oris Muscle 



1 

* 

i Nuaiber o£ Verbalizations Observed 

i subjects modifications 

t by tasks ^» E.M.G. 

I II • III 



3 


7 


12 


2 


1 


2 


4 


2 


0 


11 


10 


6 



+ 
+ 
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baselines were observed. The content of the verbal and visual 
accoapanliaents did not vary according to the age of the subject 
and were not noticeably different from those reported during 
experiment 14 • The correspondence between reported verbalisation 
and E.M.G. response appeared to be good except for those subjects 
contained In table 24 , row 3. The evidence from the subjects 
raises the question of whether Inner verbalization can occur 
without noticeable peripheral manifestation, or perhaps whether 
peripheral manifestation does not, in some cases or with some 
subjects t occur in other artlculatory muscle groups.^ The 
fourth row of table 24 is of particular interest: the E«M.6. 
objectively confirmed the subjects* verbal reports. In most cases » 
it can be assumed that modification observed in the E«M«6« is not 
due to artifacts or facial synkinesis of arm and hand press and 
movements of the bulb. Indeed » most often in using muscles 
electroactlvlty appears at the lips before appearing at the arms* 
Once again 9 verbal accompaniment was meanlngfxil in those tasks 
where short and long^ and strong and light presses of the bulb were 
required ) and most often of an Impulsive type, when a number of 
repetitive simple presses were required. Besides providing an 
objective verification of the introspective reports , the E#H«G. 
technique allows a careful analysis of the temporal and spatial 
(magnitude) characteristics of inner verbal accompaniments. 
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We shall briefly summarize these data as follows: 

1. Inner verbal accompaniment Is far from being constant. 

It often tends to disappear before the end of the motor performance. 
Its xaagnitude and form nay vary considerably from moment to moment 
on the same task and with the same subject. 

2. In some cases, Inner verbal accompaniment manifests Itself 
only at the beginning of the motor performance. The subject seems 
to proceed to a verbal analysis of the task to be performed and 
then relies only on his sensory-motor system in the performance of 
the rest of the task. Verbal responses may further reappear from 
time to time, possibly in recall of the Instructions if the subject 
for some reason becomes confused, or as coimnents after an error 

in motor performance* or if something unexpected happens. 

3. In some cases, it is possible to distinguish between an 
Increase in the labial electroactivlty which remains for the whole 
or for a part of the task, from outbursts of action potentials 

oc curing just before and during motor responses. Apparently, one 
is dealing with an increase in tonic muscle activity which testifies 
of the difficulty of the task for the subject. In this tonic 
activity, phasic discharges appear which one can correspond to 
the inner verbalizations. 
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Conclusions From Eacperlrontal Set IV 

In a good number of cases, and particularly when tasks are of 
a sufficient level of difficulty, Inner verbalization has been 
found to be clearly related to performance of motor tasks. This 
phenomenon, initially Inferred from a subject's verbal reports, has 
also been objectively confirmed by electromyographic lip recording. 

General Conclusion 
Briefly summarized, we think that we are in position to support 
the hypothesis of the existence of a regulatory effect of speech in 
its impulsive or rhythmic aspect for subjects from about three years 
to adulthood. In this respect, the work presented here constitutes 
a confirmation of that previously reported by Luria and Tikhomirov. 
As to the possible reguUtory function of speech in its meaningful 
aspect, however, where the correspondance between motor response 
and verbal response is independent of rhythm, we have not found within 
the limits of the verbal and motor tasks presented, our experimental 
settings and models, and the age ranges of our young subjects (i.e., 
up to 8 years), any clear experimental support for this 
hypothesis. As indicated by the data collected from experimental 
set IV, such verbal responses seem to occur spontaneously and 
internally in adults confronted with motor tasks of sufficient 
complexity. But, with those subjects, our experimental model has 
not allowed us to demonstrate more than a close correlation between 
motor performance and inner verbal accompaniment. That a causative 
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relationship eoclsts between them renains to be proved* In con* 
elusion, the Inportant question concerning the existence of the 
meaningful verbal regulation of behavior in children remains to 
be answered* Are we to suppose that this function develops and 
becomes functional between 8 years and the adult age, which is 
considerably later than the ages proposed by Lurla for this emergence 
in normal children; or are we to suppose that this rather late 
occurrence is more a function of the specific motor tasks which 
have been used in the present investigations than an index of the 
chronology of the development of the meaningful regulatory speech 
function itself? Hopefully, further research will allow us to 
clarify this issue. 

The implications of this trend of research for the education 
of retarded children are numerous* We shall briefly discuss two 
of them. First, from a methodological point of view, the experi- 
mental situation emp.^oyed in our investigation allows for the 
assessment of the child's sbility to interprete verbal information 
and translate, it into a chain of motor acts. The assessment of 
such cognitive and psychomotor skills is obyiously of first 
Importance for studies in retardation. Second, thanks to 
Luria, the attention of psychologists has been directed to the Interesting 
properties of speech in the development of self -control. Modern 
discussions of mental retardation have focused on the limited 
ability of the retardate to lead an autonomous life through the 
organization of his own behavior. Lurian paradigms offer not only 
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an Interesting way to explor certain basic aspects of these 
limitations more deeply, but also suggest several ways for com- 
pensating» at least partially, for deficiences in self -regulated 
behavior by teaching subjects to use speech in organizing their 
activity. 
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Footnotes 

1. The report translates and stDonarizes research performed 
at the State University of Liege, Belgium, 1972, which was partially 
supported by a grant from the National Board of Scientific Research 
(F.N.R.S.), Belgium. Dr. R. Wozniak's linguistic advice anu sugges- 
tions in the preparation of the manuscript are gratefully acknowledged. 

2. Parts of the original paper are published in the Journa l 

de Psychologie normale et pathologiq ue, 1973, 3, 307-32A, and in the 
Revue de Psychologie et des Sciences de 1* education, 1973, Ji, 491-501. 

3. The present address of the author is the Research and Develop- 
ment Center In Education of Handicapped Children, Pattee Hall, 
University of Minnesota, Minneapolis, Minnesota, 55A55. 

4. We will sometimes tise the expressions: verbal response 
or accompaniment of a significant or meaningful type and verbal 
response or accompariment of an impulsive or rhythmic type. By 
the former expression we mean a verbal accompaniment which can 
only assist the motor response by its meaning, while the latter refers 
to a verbal accompaniment which can only assist the motor response 

by its rhythm. 

5. The specialized literature does not give a clear answer 
to this question (cf . , Sokolov , 1972, f r a detailed bibliography 
of those subjects). 
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